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(71) We, SIEMENS AKTIENGESELL- 
SCHAFT, a German Company of Berlin and 
Munich, German Federal Republic, do here- 
by declare the invention, for which we pray 

5 that a patent may be granted to us, and the 
method by which it is to be performed to be 
particularly described in and by the following 
statement : — 

The present invention relates to transistor 

10 arrangements in which two field-effect tran- 
sistors are integrated in a semiconductive 
layer on an insulating substrate. 

According to the invention, there is pro- 
vided a semiconductor arrangement compris- 

15 ing two field-effect transistors integrated in 
a layer of semiconductor material on an insu- 
lating substrate, - said transistors having a 
common channel zone covered by a common 
gate insulating layer with a common gate 

20 electrode located thereon, the source and 
drain zones of one transistor lying opposite to 
one another on a first axis lying parallel to the 
surface of said layer, and the source and drain 
zones of the other transistor lying opposite 

25 to one another on a second axis lying parallel 
to the surface of said layer and at an angle 
to said first axis. The two axes are con- 
veniendy substantially at right-angles to one 
another. 

30 An advantage of the transistor arrange- 
ment in accordance with the invention is that, 
as a result of the integration of the two tran- 
sistors, they utilise only about two-thirds of 
the surface area of the semiconductor layer 

35 which would be required in an arrangement 
in which the two field-effect transistors were 
arranged next to one another. 

When the transistor arrangement in accord- 
ance with the invention is employed for stor- 

40 age purposes, a reduction in cost is achieved 
because it is possible to accommodate con- 
siderably more storage elements on one semi- 
conductor chip than is possible with conven- 
tional storage arrangements. 

45 In a preferred embodiment of die inven- 
tion, the two transistors are of different con- 
ductivity types, one transistor being a "deep 
depletion" transistor. An advantage of this 



arrangement is that, in every case, one of the 
two transistors of the transistor arrangement 50 
will always be conductive whilst the other 
transistor blocks. 

The invention will now be further des- 
cribed with reference to the drawings, in 
which : — 55 

Figure 1 is a schematic plan view of a tran- 
sistor arrangement according to the invention; 

Figure 2 is a section taken along the line 

II — II of Figure 1, showing one transistor in 

the blocked state; 60 
Figure 3 is a section taken along the line 

III — III of Figure 1, showing the other tran- 
sistor in the conductive state: 

Figure 4 is a similar view to that of Figure 
2 showing the one transistor in the conduc- 65 
rive state; 

Figure 5 is a similar view to that of Figure 
3, showing the other transistor in the blocked 
state; 

Figure 6 is a circuit symbol of a transistor 70 
arrangement according to the invention; 

Figure 7 is a circuit diagram of a transistor 
arrangement in accordance with the invention 
in which a double transistor is used as a 
storage device; and 75 

Figure 8 is a circuit diagram of another 
transistor arrangement in accordance with the 
invention in which a double transistor is used 
as a storage device. 

Referring to Figure 1, a transistor arrange- 80 
ment according to the invention compnses a 
double transistor comprising two integrated 
field-effect transistors with a common channel 
zone 1. One transistor 52 of the double tran- 
sistor comprises source and drain zones 5 and 85 
51 respectively and the common channel zone 
1, whilst the other transistor 42 comprises 
source and drain zones 4 and 41 respectively 
and the common channel zone 1. The tran- 
sistor 42 lies along an axis parallel to the sur- 90 
face of the semiconductor layer which forms 
approximately a right-angle with the similar 
axis along which the transistor 52 lies. 

Figure 2 is a side-sectional view of the tran- 
sistor 42 comprising the source and drain 95 
zones 4 and 41 and the channel zone 1. The 
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whole transistor arrangement is formed in a 
semiconductor arranged on an electrically 
insulating substrate 6. Preferably, this electric- 
ally msnlating substrate consists of sapphire 
or spinel. On the substrate 6 there is arranged 
a semiconductor layer, preferably a mono- 
crystalline silicon layer. The thickness of this 
layer is preferably such that an inversion 
layer formed therein occupies substantially the 
entire thickness of the layer. 

The source zone and drain zones 4 and 41 
are formed by diffusion in this monocrystal- 
linc silicon layer, the channel zone 1 being 
arranged between these two zones. As shown 
in Figure 2, a common gate insulating layer 
2, which may consist, for example, of SiO- 
or Si 3 Ni, is arranged above the common chan- 
nel zone 1. Preferably, however, the gate 
insulating layer consists of a SiO~ layer with 
a Si 3 N 4 layer arranged upon it (MNOS tech- 
nique) or of a SiO. layer with an ALO, 
layer arranged upon it (MAOS technique). 
A common gate electrode 3 is applied 
to the gate insulating layer. The source zone 

4 is provided with an electrode 43 having a 
contact 44 and the drain zone 41 with an 
electrode 45 having a contact 46. The gate 
electrode 3 is provided with a contact 31. 

Figure 3 shows a cross-section through the 
other transistor 52 which comprises the source 
and drain zones 5 and 51 and the channel 
zone 1. The source and the drain zones 5 
and 55 -and the channel zone 1 are arranged 
on the substrate 6 in the semiconductor layer 
preferably consisting of monocrystalline sili- 
con, as wrs the transistor of Figure 2. The 
zones 5 and 55 are again produced by diffu- 
sion into the semiconducttor layer. The zone 

5 is provided with an electrode 53 having a 
contact 54, and the zone 51 with an elec- 
trode 55 having a contact 66. 

Preferably, the common channel zone 1 is 
n- doped, the source and drain zones 4 and 
41 arc p--doped and the source and drain 
zones 5 and 5 1 are n --doped. When the indivi- 
dual zones are doped in this way, the tran- 
sistor 42 represents a p-type transistor and 
the transistor 52 represents an n-type tran- 
sistor of the deep-depletion type. Alterna- 
tively, the channel zone can be p--doped, in 
which case the p-type transistor 42 is of 
the deep-depletion type. 

The mode of operation of the transistor 
arrangement in accordance with the invention 
illustrated will now be explained with 
reference to Figures 2, 3, 4 and 5. When a 
positive voltage -f Ug is applied to the gate 
contact 31, an n-conductive enrichment layer 7 
is formed in the channel zone 1. This results 
in the transistor 52 (Figure 3) being conductive 
since , the two n -zones 5 and 51 are then 
connected by the n--enrichment layer 7. In 
dus cas'^ however, the transistor 42 is 
blocked, since the two p --zones 4 and 41 are 



isolated from one another by the p-n iunc- 65 
tions (Figure 2). 

If a negative voltage -Ug is applied to the 
gate contact 31, a p-conductivc channel is 
formed in the channel zone 1. In Figures 4 
and 5 this p-conducrive channel is indicated 70 
at 8. The formation of a p-conductive chan- 
nel results in the two p* — zones 4 and 41 of 
the transistor 42 (Figure 4) being conductively 
connected to one another, whilst, in compari- 
son, the two n*-zones 5 and 51 of the transis- 75 
tor 52 (Figure 5) are now isolated from one 
another since two p-n junctions are present 
between them and a depletion zone is formed 
beneath the p-conductive channel which zone 
extends to the insulating substrate. In this 80 
example, the transistor 42 of the p-type and 
the transistor 52 is a so-called deep depletion 
transistor of the n-type. 

Thus, at a specific gate voltage, rs des- 
cribed above, at all times only one of the 85 
two transistors is in the conductive state, 
which is a fact of great advantage for use in 
digital circuits. If both the n-channel and 
the p-channel transistor are to possess approxi- 
mately the same internal resistance in th^ 90 
conductive state, the ratio of the lengths of 
the sides of the rectangular channel zone is 
selected to be equal to the root of the ratio 
of the average mobil ities of the two charge 
carrier types ^ *„. In this case, the sav- 95 
mg in area obtained by using the double 
transistor as compared with the area required 
for two transistors arranged next to one 
another, is approximately 40%. 

Figure 6 shows a circuit symbol for a 100 
transistor arrangement in accordance with the 
invention. The gate electrode terminal 31 is 
common to the two transistors. The source 
and drain terminals are indicated at 44 and 
46 respectively, of the transistor 42, and the 105 
source and drain terminals of the transistor 
52 at 54 and 56 respectively. 

Figure 7 shows a circuit including a tran- 
sistor arrangement in accordance with the 
invenuon. The circuit may represent, for ex- no 
ample, an associative storage* element usin^ 
the MNOS technique or the MAOS tech- 
nique. The storage element is selected by 
means of a selector transistor 9. For this pur- 
pose the gate terrninal of the transistor 9 is 115 
connected to a word line 10. The actual stor- 
age transistor is a transistor arrangement 11 
in accordance with the invention, in which 
the gate insulator layer mav, for example, 

be A f ^? lcd using ^ MN0S technique, or the 120 
MAOa technique, in the usual fashion. On 
readout of the stored item of data, "0" or "1", 
one path in the transistor arrangement of the 
invention is always conductive. Therefore cur- 
rent always flows on one of two digit lines 125 
12 and 13. 

The storage element illustrated in Figure 
7 is noteworthy for its high interference resist- 
ance. 
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Figure 8 shows a further example of a 
circuit representing an associative storage ele- 
ment using a transistor arrangement in 
accordance with the invention. In mis case, 

5 this is an associative fixed word store. The 
items of information are stored in a transistor 
arrangement 14 in accordance with the inven- 
tion by means of a word line 18. On read- 
out of the information, a transistor 15 and the 

10 transistor arrangement 14 of the invention act 
as a coincidence circuit. Only when the items 
of information interrogated via one of the digit 
lines 16 and 17 is identical with an item of 
information stored in the transistor arrange- 

15 ment 14 is the transistor 15 in the blocked 
state. 

WHAT WE CLAIM IS: — 

1. A transistor arrangement comprising two 
field-effect transistors integrated in a layer of 

20 semiconductor material on an insulating sub- 
strate, said transistors having a common chan- 
nel zone covered by a common gate insulat- 
ing layer with a common gate electrode loca- 
ted thereon, the .source and drain zones of 

25 one transistor lying opposite to one another 
on a first axis lying parallel to the surface of 
said layer, and the source and drain zones 
of the other transistor lying opposite to one 
another on a second axis lying parallel to the 

30 surface of said layer and at an angle to said 
first axis. 

2. An arrangement es claimed in Claim 1, 
wherein said axes are substantially at right- 
angles to one another. 

35 3. An arrangement as claimed in Claim 1 
or Claim 2, wherein said insulating substrate 
consists of spinel. 

4. An arrangement as claimed in Claim 1 
or Claim 2 3 wherein said insulating substrate 

40 consists of sapphire. 

5. An arrangement as claimed in any one 
of the preceding Claims, wherein said semi- 
conductor layer consists of silicon. 

6. An arrangement as claimed in any one 
45 of the preceding Claims, wherein the gate 

insulating layer consists of an SiCL layer 
and/or an Si 3 N 4 layer. 

7. An arrangement as claimed in any one 
of Claims 1 to 5, wherein the gate insulating 

50 layer consists of a layer of SiO- and a layer 
of A1 2 0 3 . 

8. An arrangement as claimed in any one 
of the preceding Claims, wherein said com- 
mon channel zone is n~-doped or p~-doped, 



the source and drain zones of one of said 55 
transistors are p*-doped and the other source 
and drain zones of the other said transistors 
are n*-dopcd. 

9. A transistor arrangement substantially 

as hereinbefore described with reference to 60 
and as shown in Figures 1 to 5 of the draw- 
ings. 

10. An associative storage element com- 
prising a transistor arrangement as claimed in 
any one of the preceding Claims, and a selec- 65 
tor field-effect transistor, wherein the said 
selector transistor is controllable via a word 
line, wherein said transistor arrangement is 
connected in series with said selector transis- 
tor, wherein the source or drain terminal of 70 
said selector transistor is connected in series 
with the parallel-connected drain or source 
terminals of the respective transistors of said 
transistor arrangement, wherein the common 
gate electrode of said transistor arrangement 75 
is connected to said word line; a^d wherein 

a separate digit line is connected to the re- 
maining drain or source terminal of each 
transistor of said transistor arrangement. 

11. An associative storage element com- 80 
prising a transistor arrangement as claimed 

in any one of Claims 1 to 9 3 wherein the gate 
of a further field-effect transistor is connected 
to the parallel-connected source or drain 
terminals of the two transistors of said tran- 85 
sis tor arrangement, wherein a separate digit 
line is connected to the remaining drain or 
source terminal of each of the transistors of 
said transistor arrangement; and wherein the 
common gate electrode of said transistor 90 
arrangement is connected to a word line, the 
arrangement being such that said further tran- 
sistor is in the blocked state when there is 
coincidence between the item of information 
stored in said transistor arrangement and the 95 
states prevailing on said digit lines. 

12. An associative storage element sub- 
stantially as hereinbefore described with 
reference to and as shown in Figure 7, or 
Figure 8, of the drawings. 100 

For the Applicants, 
G. F. RED FERN & CO., 
St. Martin's House, 
177 Preston Road, 
Brighton, Sussex, 
and 

High Holbom, 
London, W.C.I. 
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